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(57)Abstract: 

PURPOSE: To manufacture a high-performance rare 
earth/resin-bound type magnet in a high yield at a low 
cost by composing the material of rare earth magnetic 
powder, a thermoplastic resin and one or more types of 
additives including fluid auxiliary agent and adding a 
specific rare earth magnetic power to the above 
magnetic powder. 

CONSTITUTION: A magnetic powder, a mixture of a Nd- 
Fe-B quenched magnetic powder and a globular 
atomized powder composed of, for example, 
Pr17Fe76.5B5 Cu1.5, a polyamide resin (nylon 12), and 
various molding auxiliary agents are weighed such that r:i^®^fl^^«^* 
the volume ratio of the magnetic powder is 67%. These 
materials are mixed and kneaded, and the resultant 
mixture is extruded using a ram type extruder. The atomized powder is added at a rate of 1% 
or more to 100 of the quenched magnetic powder. This enables the manufacture of a magnet 
having a high fill factor. 
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(57) [Abstract] 

[Objects of the Invention] Productivity is good with high performance 
and a rare earth resin bond mold magnet is manufactured by low cost. 
[Elements of the Invention] Extrusion molding of the magnet which 
consists of the spherical rare earth magnet powder and the 
thermoplastics which were produced by the gas atomizing method, and one 
or more kinds of additives containing a flow assistant is carried out. 
Moreover, a ram type extruder is adopted as an extruder in the 
aforementioned manufacture approach. Moreover, the basic presentation of 
the aforementioned rare earth magnet powder uses R, Fe, and B as a 
principal component substantially. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The rare earth resin bond mold magnet characterized by using 
the spherical rare earth magnet powder which added one or more kinds of 
additives containing a flow assistant in the rare earth resin bond mold 
magnet which consists of rare earth magnet powder and thermoplastics, 
and was produced by the gas atomizing method 1% or more by the weight 
ratio into magnet powder. 

[Claim 2] The manufacture approach of the rare earth resin bond mold 
magnet characterized by manufacturing the magnet which consists of the 
rare earth magnet powder and thermoplastics which contained the 
spherical rare earth magnet powder produced by the gas atomizing method 
1% or more by the weight ratio, and one or more kinds of additives 
containing a flow assistant by the extrusion method. 
[Claim 3] The rare earth resin bond mold magnet characterized by 



carrying out extrusion molding of the magnet which consists of the rare 
earth magnet powder and thermoplastics which were produced by the gas 
atomizing method, and one or more kinds of additives containing a flow 
assistant using a ram type extruder. 

[Claim 4] Claim 1 to which the basic presentation of the above-mentioned 
rare earth magnet powder uses R (it is one kind or two kinds or more in 
the rare earth elements containing Y), Fe, and B as a principal 
component substantially, claim 2, and a rare earth resin bond mold 
magnet according to claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a rare earth resin 

bond mold magnet and its manufacture approach. 

[0002] 

[Description of the Prior Art] The shaping approach as shown below as 

the shaping approach of a resin bond mold magnet is raised. 

[0003] 

1. Compression-forming 2. Injection-molding method compression forming 
is the approach of being filled up with the magnet constituent which 
consists of magnet powder and thermosetting resin into the metal mold of 
a press, and applying, compressing and fabricating a pressure to this, 
and heating, making harden resin after that and fabricating, this time - 
- the amount of magnetic powder in a magnet constituent — more than 
95wt% — it is contained. Although the magnetic magnetic engine 
performance in which this compression forming was fabricated since there 
were few amounts of resinous principles in a magnet constituent compared 



with the shaping approach of others as mentioned above is high, the 
degree of freedom to a magnetic configuration is small. 
[0004] An injection-molding method is the approach of carrying out 
heating fusion of the magnet constituent which consists of magnet powder 
and thermoplastics, pouring in into metal mold, where sufficient 
fluidity is given, and fabricating in a predetermined configuration. An 
injection-molding method has many amounts of resinous principles in a 
magnet constituent compared with compression molding, in order to give a 
fluidity to a magnet constituent, and since the amount of magnet powder 
in a magnet constituent becomes 90 - 95wt%, the magnetic engine 
performance of a magnet Plastic solid falls. However, the degree of 
freedom of a configuration is large compared with compression forming. 
[0005] 

[Problem (s) to be Solved by the Invention] However, in the above- 
mentioned manufacture approach, it has the technical problem as shown 
below. 

[0006] In the first place, compression forming and an injection-molding 
method have a fixed cycle called extraction of the restoration to the 
metal mold of a magnet constituent, shaping, and mold goods in a forming 
cycle, and since it is a batch type production system fundamentally, 
there is a limitation in the productivity. 

[0007] Moreover, although an injection-molding method has a high 
configuration degree of freedom and shaping of the anomaly-like magnet 
of an arc configuration is possible, since sprue and a runner arise, it 
is necessary to perform these recycle. Since the magnet which 
furthermore used R-Fe-B system magnet powder especially as rare earth 
magnet powder tends to deteriorate in an elevated-temperature ambient 
atmosphere, if a recycle article is used, the trouble of reducing the 
magnetic magnetic engine performance will produce it. 
[0008] Then, an extrusion method is mentioned as a means to solve these 
problems. An extrusion method is the approach of sending in in metal 
mold in the place which kneaded magnet powder with resin, heated this 
kneading object (a magnet compound is called henceforth) within the 
extruder, and was made into the melting condition, and carrying out size 
enlargement and fabricating within metal mold. Since the production 
process is continuous in the case of this approach, and productivity 
produces neither sprue nor a runner like injection molding well, there 
is no need for recycle. Therefore, the magnetic performance degradation 
by this is not produced. Thus, extrusion molding has the advantage which 
is not in conventional compression molding or conventional injection 
molding. However, this extrusion method also has the following technical 



problems. 

[0009] Although extrusion molding makes a magnet compound a melting 
condition within an extruder as mentioned above, and considered as 
extrusion force by applying stress to this, since the melting magnet 
compound contains the magnet powder which is metal powder, its fluidity 
is bad. Moreover, magnet powder increases frictional force with a metal 
mold wall surface etc. at the time of a flow, and the fluid fall by this 
produces it. Since, as for a resin bond mold magnet, the magnetic engine 
performance becomes high so that the fill of magnet powder is high, from 
a magnetic engine-performance side, the higher one of a fill is 
desirable. However, the above-mentioned fluidity has the trouble of 
falling, so that the fill of magnetic powder is high. 
[0010] Then, this invention solves such a technical problem and the 
place made into the purpose is located in the place which productivity 
is good and offers a highly efficient rare earth resin bond mold magnet 
by low cost. 
[0011] 

[Means for Solving the Problem] The rare earth resin bond mold magnet of 
this invention is characterized by using the spherical rare earth magnet 
powder which consisted of one or more kinds of additives containing rare 
earth magnet powder, thermoplastics, and a flow assistant, and was 
manufactured by the gas atomizing method 1% or more by the weight ratio 
into magnet powder. 

[0012] Moreover, it is characterized by manufacturing the magnet which 
consists of the above-mentioned constituent by extrusion molding. 
[0013] Moreover, in the above-mentioned extrusion molding, it is 
characterized by using a ram type extruder for an extruder. 
[0014] Moreover, it is characterized by the basic presentation of the 
above-mentioned rare earth powder being R(rare earth elements containing 
Y) -Fe-B. 
[0015] 

[Function] By using an extrusion method as the shaping approach of the 
rare earth resin bond mold magnet which consists of rare earth magnet 
powder and resin, compared with the conventional processes which are 
batch processing fundamentally, such as compression forming and an 
injection-molding method, continuous molding becomes possible, 
productivity goes up by this, and, according to the manufacture approach 
of this invention, it becomes possible to attain low cost-ization. 
[0016] Since the magnet compound which consists of rare earth magnet 
powder and a resinous principle contains in the compound the magnet 
powder which is metal powder, in manufacturing a highly efficient magnet 



from the viscosity of the compound at the time of melting rising, the 
fluidity of a melting magnet compound falls further. Two approaches can 
be considered as a means to solve it. The approach one raises the 
fluidity of a magnet compound, and another have the approach of raising 
extrusion pressure. 

[0017] It is using an atomizing powder as the former approach. Since the 
powder produced by the gas atomizing method to the rare earth magnet 
powder produced by the quenching method being a scale-like is spherical, 
on the occasion of kneading at the time of rare earth magnet manufacture, 
the dispersibility of magnetic powder and the fluidity at the time of 
extrusion molding can become good, and it can be excellent also in the 
homogeneity of mold goods, and, moreover, can make a fill increase by 
using an atomizing powder. 

[0018] It is not necessary to necessarily use it 100% about this 
atomizing powder, and solid lubricant-effectiveness is acquired by the 
atomizing powder and it becomes easy to flow by containing 1% or more by 
the weight ratio in magnetic powder. Because solid lubricant- 
effectiveness was not acquired in the case of being fewer than this, it 
could be 1% or more by the weight ratio here. 

[0019] Furthermore, in order to raise a fluidity, we decided to add one 
or more kinds of flow assistants. Only in the case of magnetic powder 
and a resinous principle, since the fluidity is bad, one or more kinds 
of flow assistants are needed. 

[0020] As a flow assistant to be used, solid lubricants, such as 
lubricant, such as fatty-acid salts, such as fatty acids, such as 
stearin acid, and zinc stearate, and a silicon compound, and silica 
powder, can be considered. As long as these flow assistants are examples 
and it is the matter which raises the fluidity of a magnet compound, 
other things may be used, but only in the case of magnetic powder and a 
resinous principle, since the fluidity is bad, one or more kinds of flow 
assistants are needed. 

[0021] Moreover, the ram type extruder was adopted as the latter 
approach. It is the extruder which a ram type extruder supplies a magnet 
compound in a cylinder, and performs extrusion according to the 
compressive force of a plunger. As opposed to the upper limit of a screw 
type being about 500kg/cm2 about extrusion pressure, although it has the 
fault that productivity falls, since the extruder itself serves as batch 
processing compared with a screw extruder It is because it has the 
advantage that it is possible for 3000kg/cm2 or more of packing 
consistencies of mold goods to increase since it is fully applied, and 
to extend the range which can be fabricated. 



[0022] As thermoplastics to be used, polyamide resin, PPS, a liquid 
crystal polymer, etc. are mentioned. These resin is adopted from a 
moldability being good and chemical resistance, thermal resistance, and 
absorptivity being good. 
[0023] 

[Example] Drawing 1 shows the production process of the rare earth 
magnetism powder by the gas atomizing method of this invention. As for 1, 
the molten metal nozzle for which an atomization chamber and 2 have a 
vacuum melting furnace, and 3 has a high frequency induction furnace and 
the stoma of the product [ 4 / pars basilaris ossis occipitalis ] made 
from an alumina in tundish is installed. A bulb for 5 to spout the bulb 
for vacuums and for 6 spout inert gas, a cyclone with 7 [ possible / Ayr 
suction / the container for powder recycling and 8 ], and 9 are the 
bulbs for vacuum suction. 

[0024] In the powder production process of Fig. 1 mentioned above, after 
it inserts in the raw material which consists of Nd, Pr, Fe, B, etc. in 
a high frequency induction furnace 3 and it carries out rapid lysis 
under an inert gas ambient atmosphere with a vacuum melting furnace 2, 
teeming is carried out to the tundish 4 heated beforehand more 
electrically than the exterior. And the molten metal nozzle currently 
installed in the pars basilaris ossis occipitalis of tundish 4 was 
changed to 3mmphi-7mmphi, powder 10 was manufactured by spray-ization 
within the atomization chamber 1, and it collected in the container 7 
for recycling. 

[0025] Subsequently, the vacuum heating furnace or the heating furnace 
under an inert gas ambient atmosphere performed the powder obtained on 
each atomization conditions, heat treatment was performed with constant 
temperature for 1 hour, and rare earth magnet powder was produced. The 
presentation of the atomizing powder produced here is shown in Table 1. 
[0026] 
[Table 1] 



7 


Nd l 5F e 72C o 5B8 


7 \-*<iX%!2 


P r l 7F e 76. 5B5C u l. 5 



[0027] Drawing 2 shows the production process of the rare earth resin 
bond mold magnet of this invention. After carrying out weighing capacity 
of rare earth magnetism powder, resin, and the additive to a desired 
mixing ratio, it mixes with mixers, such as a roll meal and an extruder, 
and a compound is produced. It grinds in the magnitude which is easy to 



supply this compound to a making machine, and supplies to an extruding 
press machine. The screw-type extruder or ram type extruder of one shaft 
was used for the extruder here. A magnet compound is heated within an 
extruder, resin wi^l be in a melting condition, and it will be sent into 
the metal mold connected to the extruder in this condition. Size 
enlargement of the compound is carried out to the last configuration 
within metal mold, and a magnet Plastic solid is extruded from metal 
mold. The extruded magnet is taken over and cut by the cutting machine. 
When thermosetting resin was used after this, curing was performed, and 
the rare earth resin bond mold magnet was fabricated. Moreover, when 
magnetic field orientation shaping was performed, demagnetization was 
performed before cutting. 

[0028] Hereafter, a still more detailed example is shown. 

[0029] (Example l) In the magnet compound which carried out weighing 

capacity of the atomizing powder 1 and polyamide resin which were shown 

in Nd-Fe-B system quenching magnet powder (GMMQP-B) and Table 1 so that 

the rate of the volume of magnet powder might become 65%, each shaping 

rate when changing the quantitative ratio of quenching powder and an 

atomizing powder is shown in Table 2. 

[0030] 

[Table 2] 







7 hv^Xft 


(fflm/s e c) 


1 


1 0 0.0 


0.0 


0.3 5 


2 


9 9.2 


0.8 


1.1 0 


3 


9 9.0 


1.0 


2.7 5 


4 


9 5.0 


5.0 


3.2 5 


5 


9 0.0 


1 0.0 


3.3 0 


6 


5 0.0 


5 0.0 


3.4 0 


7 


1 0 0.0 


1 0 0.0 


3.4 0 



[0031] this table sees and shows — as — an atomizing powder — more 
than lwt% — if it puts in, compared with the time only of quenching 
magnetic powder, it will become possible to obtain the shaping rate of 
about 8 times or more. 



[0032] (Example 2) The shaping rate when having carried out weighing 
capacity of the magnet powder, the polyamide resin (Nylon 12), and the 
various shaping assistants whose atomizing powders 2 shown in Table 3 in 
quenching magnet powder and Table 1 are the ratios of 9^1 in a weight 
ratio so that the rate of the volume of magnet powder might become about 
67%, carrying out mixed kneading and carrying out extrusion molding of 
this is shown. 1 shaft screw extruder was used as an extruder. Molding 
temperature fabricated at 230 degrees C - 270 degrees C. The fabricated 
configuration was a pipe-like magnet with an outer diameter [ of 18mm ], 
and a bore of 16mm. 



[0033] 
[Table 3] 



«|No, 




ffl&mB. (mm/ sec) 


1 




7.6 5 


2 




6.7 5 


3 




8.5 5 


4 




6.4 5 


5 




3.0 0 



[0034] As seen and shown in this table, the shaping rate of the 
constituent which added various shaping assistants indicated the high 
value to be 6. 5 - 8. 6 mm/sec to the shaping rates of constituent No. 5 
which did not add a shaping assistant having been 3. 0 mm/sec. This is 
because the fluidity of a constituent went up by having added the 
shaping assistant. Moreover, when a shaping rate increases, extrusion 
molding with high productivity becomes possible. 

[0035] (Example 3) Drawing 3 shows magnetic (engine-performance BH) max 
of a constituent which added the silicon compound as the magnet powder 
whose atomizing powder 1 shown in quenching magnet powder and Table 1 is 
the ratio of 9:1 in a weight ratio, Nylon 12, and a shaping assistant. 
[0036] Drawing 4 shows magnetic (engine-performance BH) max of a 
constituent which added the silicon compound as the magnet powder (the 
GM MQP-B powder is used) manufactured by the quenching method, Nylon 12, 
and a shaping assistant. 

[0037] It was not able to fabricate, when it was able to fabricate even 
if the rate of the volume exceeded 80% when atomization complications 
were used although the equivalent magnetic engine performance could be 



obtained when the rate of the volume was 80% or less whichever it used 
[ of atomization complications or quenching complications ] it so that 
drawing 3 and drawing 4 might see and show, quenching complications were 
used, and the rate of the volume became 82%. 

[0038] Since a fluidity becomes high by using atomization complications 
with a powdered spherical configuration, this shows that shaping at the 
higher rate of the volume is attained. 

[0039] (Example 4) Next, weighing capacity of the constituent which 
consists of the atomizing powders 1 or 2 and Nylon 12 which were shown 
in Table 1, and stearin acid was carried out so that the rate of the 
volume of atomization complications might become 72%, and extrusion 
molding was performed. 5. 70g /of theoretical density of this constituent 
is [ cm ] 3, and it shows each consistency when carrying out extrusion 
molding using a screw type and a ram type, and (BH) max in Table 4. 
[0040] 

[Table 4] 
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i 


6.52 


1 1.3 0 


8.3 


5.6 8 




2 


6.59 


9.25 


8.4 


5.6 8 




1 


6.20 


11.15 


7.7 


5.5 9 




2 


6.26 


9.0 7 


7.8 


5.60 



[0041] When a screw type is used, the magnetic engine performance higher 
than the time of becoming 5.68 g/cm3 and a value near theoretical 
density when the consistency used the ram type to falling a little with 
5. 60 g/cm3 for the contamination of air etc. , and using a screw type can 
be obtained. 

[0042] Next, the rate of the volume of atomization complications was 
changed and the same experiment as the first half was conducted. A 
result is shown in Table 5. 
[0043] 
[Table 5] 
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X 1 0 0 % 


1 


7 2 




9 9.6 
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7 2 
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8 0 




9 9.3 
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8 0 


* ? V - 


9 6.0 
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8 7 




9 9.0 


6 


8 7 







[0044] When a ram type was used even if the rate of the volume of 
atomization complications fabricated the same compound as seen and shown 
in this table, the shaping consistency more near theoretical density was 
able to be obtained. In addition, the compound whose rate of the volume 
of atomization complications of the result of constituent No. 6 not being 
shown is 87% is because it was not able to fabricate in a screw type. 
[0045] From these results, by using a ram type, since higher extrusion 
pressure can be put, the high magnet of a filling factor with little 
contamination of air is made, and magnetic rate-ization of the high 
volume can be attained. Moreover, it becomes possible to extend the 
range which can be fabricated. 
[0046] 

[Effect of the Invention] As shown in the example above, by using the 
atomizing method and a flow assistant, by a powdered fluidity' s going up 
and using a ram type for an extruder, the high magnet of a filling 
factor can be manufactured and, according to this invention, it becomes 
possible for productivity to be good and to offer a highly efficient 
rare earth resin bond mold magnet by low cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is drawing of the production process of the 
atomization complications in the example of this invention. 
[Drawing 2] Drawing 2 is drawing of the production process of the rare 
earth resin bond mold magnet of this invention. 

[Drawing 3] Drawing 3 is drawing showing the rate of the volume of 
atomization complications and the relation of (BH) max to the example of 
this invention. 

[Drawing 4] Drawing 4 is drawing showing the rate of the volume of 
quenching complications and the relation of (BH) max to the example of 



this 


invention. 


[Description of Notations] 


1 ... 


Atomization chamber 


2 ... 


Vacuum melting furnace 


3 ... 


High frequency induction furnace 


4 ... 


Tundish 


5 ... 


Bulb for vacuums 


6 ... 


Bulb for spouting inert gas 


7 ... 


Container for powder recycling 


8 ... 


Cyclone in which Ayr suction is possible 


9 ... 


Bulb for vacuum suction 
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[Drawing 3] 
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